There are various primary treatment modalities of managing deep sternal wound infection (DSWI) following cardiac surgery, namely surgical debridement with primary reclosure in conjunction with irrigation, Vacuum-assisted closure (V.A.C. ) therapy, and primary or ᮋ delayed flap closure. The purpose of this study was to assess whether there is consensus of the primary management of DSWI using one method as a single line therapy or a combination of these procedures. Therefore, a questionnaire with regards to the primary treatment modalities of DSWI was distributed to all 79 German heart surgery centers. All replied to the questionnaire. V.A.C. is used in 28y79 (35%) ᮋ heart centers as the 'first-line' treatment, 22y79 (28%) perform primary reclosure in conjunction with a double-tube irrigationysuction system, and in 29y79 (37%) clinics both treatment options were used according to intraoperative conditions. Mostly, as a primary management of DSWI two treatment modalities are mainly in use: primary reclosure coupled with a double-tube suctionyirrigation system and V.A.C. therapy. The current understanding is based purely on retrospective studies, not evidence-based medicine. Since prospective ᮋ randomized studies have not yet been performed, controlled clinical trials comparing these treatment modalities are pivotal to define evidence for patients presenting with DSWI.
Introduction
Deep sternal wound infection (DSWI) is a severe complication after cardiac surgery with a frequency rate from 0.2% up to 8% and a mortality rate from 5% up to 50% w1x. Therapy for DSWI has changed several times over the last few years and has not been standardized yet. When heart surgery was in its early stages, DSWI was mostly treated with surgical revisions, including multiple open dressing changes and followed by sternal rewiring or secondary healing. However, this approach has a mortality rate of up to 45%. Thoracic instability and, subsequently, necessary mechanical ventilation are disadvantageous to secondary healing. Prolonged immobilization increases the risk of additional complications such as pneumonia, thrombosis, and muscle weakness. Another devastating complication resulting from an open sternum is right ventricular laceration, which is associated with high mortality rates w2x. These miserable outcomes historically required the development of further treatment procedures. At first, all treatment strategies follow the principles of septic surgery, such as opening the infected wound and subsequent removal of all foreign osteosynthetic material used for sternal closure, including necrotic sites and pus. This is followed by ample *Corresponding author. Universitätsklinikum Würzburg, Klinik und Poliklinik für Herz-, und Thoraxchirurgie, Oberdürrbacherstraße 6, 97080 Würzburg, Germany. Tel.: q49 (0) 931-2010; fax: q49 (0) 931-201 33 009.
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debridement of the wound and surrounding soft tissue including antiseptic irrigation. Currently, the further treatment strategies for DSWI differ mainly in two options:
(1) primary sternal reclosure, and closed mediastinal catheter suctionyirrigation system or (2) the use of vacuumassisted closure (V.A.C. ) therapy. In addition, there are ᮋ various other modalities of managing DSWI such as primary or delayed flap closure.
Primary reclosure with suctionyirrigation system
The primary reclosure procedure with continuous antibiotic irrigation was developed as a treatment option by Shumaker and Mandelbaum in 1963 w2x. The advantages of this procedure are the immediate stabilization of the thorax as well as the mechanical cleansing of the infected site by irrigation. Plastic reconstructions complicating further surgery, especially in emergency situations are not necessary.
Vacuum-assisted closure technique
V.A.C. therapy represents the newest therapy option for ᮋ the treatment of DSWI. This therapy has been available in Germany since 1997 (KCI Medizinprodukte GmbH, Wiesbaden, Germany). The V.A.C. therapy provides the following ᮋ advantage: even in the absence of primary closure, stabilization of the thorax can be achieved by application of a vacuum. This results in the removal of infectious secretions, 
Primary or delayed flap closure
Multiple surgical techniques have been developed for the final closure of the thorax itself. A common element of all surgical interventions is the successful treatment of any possible infection. Nevertheless, the optimal timing for reclosure remains difficult to predict. In the past, reclosure by means of secondary healing was the preferred mode of operation. Currently, however, closure by osteosynthetic material or plastic reconstruction procedures is preferred. The advantages of rewiring are its practicality and its minimally invasive approach required to achieve restabilization of the thorax. The major disadvantage of this method is the requirement of osteological integrity of the sternum prior to operation. This condition is not necessarily met after prolonged periods of treatment. Plastic reconstruction often represents the only means to reclose the thorax in a stable fashion. The first pectoral plastic surgery was performed by Jurkiewics et al. in 1980 w2, 4x. The high rate of immunological activity of the omentum results from the presence of immunologically active cells. The omentum thereby provides active antibodies as well as antibiotic activity due to its high circulation density (gastroepiploic artery), which has a positive effect in mitigating infection. In addition, the omentum is able to absorb wound secretions and fit flexibly into the mediastinum. Due to these observations, Schroeyers and others called the omentum 'the policeman of the abdomen' w4x. However, additional soft tissue traumas as well as further possible complications (hernias, necrosis, etc.) represent disadvantages of this reconstructive approach. It has also been shown that a surgical revision after plastic reclosure is difficult if not impossible to achieve, especially in emergency situations.
The main objective of the presented study is to outline whether there is consensus of the primary treatment of DSWI using one method as a single line therapy or a combination of these procedures used in all 79 German heart centers.
Material and methods
From November 2006 to January 2007, a specifically formulated questionnaire was sent to all 79 German heart centers. The questionnaire contained the following questions (see Appendix A):
Which therapy is used for the treatment of poststernotomy-mediastinitis in your clinical practice? 1. Surgical revision followed by immediate reclosure and installation of a double-tube suctionyirrigation system, or: 2. Surgical revision with V.A.C. therapy including frequent ᮋ replacements followed by subsequent reclosure andyor plastic reconstruction, or: 3. Alternative therapies (comments were requested, various modalities of managing DSWI such as primary or delayed flap closure).
Definitions
The guidelines of the Center for Disease Control and Prevention from 1996 provide the following definition of DSWI: (1) bacteria can be isolated from cultures of mediastinal tissue or fluid; (2) evidence of mediastinitis is seen during surgery; or (3) one of the following conditionschest pain, sternal instability, or fever (38 8C) are present and there is either purulent discharge from the mediastinum or bacteria can be isolated from a blood culture of drainage originating from mediastinal area w2x. Internationally, the definition of DSWI is based upon the classification of El Oakley and Wright. This classification is based on the onset of the DSWI as well as the existence of risk factors (Table 1) .
Results
All 79 German heart centers replied to the questionnaire. An additional telephone interview was conducted when the questionnaire was not completed sufficiently (ns13y79, 16%). Fig. 1 shows the results of the questionnaire.
No evident difference was apparent between the two major treatment options. Thirty-five per cent of the clinics we contacted perform V.A.C. therapy as the 'first-line' ᮋ treatment vs. 28% of the clinics who perform the primary reclosure technique of the sternum and installation of a double-tube suctionyirrigation system. However, further analysis of the written comments from the surgical centers reveals a preference for V.A.C. therapy (Table 2 ).
ᮋ
The literature concerning primary treatment of DSWI (systematic search form: 'Deep sternal wound infection') shows that current understanding is based purely on retrospective patient data, not evidence-based. Prospective randomized studies comparing the V.A.C. therapy with the ᮋ conventional treatment modalities have not yet been performed (Table 3) .
Discussion
Sternal dehiscence and deep sternal wound infections are among the most severe complications following median sternotomy. Nearly 90,000 heart operations were performed in Germany every year (in 2005: 91,967). Approximately 2000 patients suffered from DSWI as a result of this surgery Fig. 1 . Frequency distribution of therapeutic intervention options in German heart surgery centers. 1sBoth therapeutic options dependent on intraoperative conditions (29y79; 37%). 2sV.A.C. therapy used as 'first-line treat-ᮋ ment' (28y79; 35%). 3sPrimary reclosure and application of the suctionyirrigation system (22y79; 28%). 4sWritten commentary given in lieu of previous options (10y79; 8%). 
(according to the 'BQS-Qualitätsreport 2005' the incidence rate of DSWI ranges from 1% up to 4%). Modern cardiac surgery provides several options for treatment of this complication. This study figures out that there is a lack of consensus in the primary treatment of patients with DSWI in Germany. Furthermore, there is no publication which summarizes nationwide results of the routinely used primary management of DSWI. Concerning the primary reclosure with suctionyirrigation technique, Molina et al. presented a study comprising 114 patients with DSWI undergoing the following treatment procedure: (1) debridement without removal of bone, (2) bilateral dissection of skin and subcutaneous tissue as one layer, (3) implantation of a staggered double-tube irrigationysuction system posterior and another anterior to the sternum, (4) lateral reinforcement of the sternum and reclosure with a double wire, and (5) a single-layer closure of the subcutaneous tissue and skin. Ninety-five per cent of all patients fully recovered following surgical intervention and left the hospital after an average stay of 14 days (12-16 days). No mortality occurred during this procedure. The authors conclude that this procedure represents an effective technique which does not require sophisticated plastic reconstruction techniques w5x. However, several disadvantages exist. The drainage cannot be performed for an extended period of time due to the formation of drainage gullies. Furthermore, such a drainage system limits the mobility of the patient. The risk of re-infection is also increased due to the introduction of osteosythethic material to the wound site acting as a nidus for further infection. Kirsch et al. pointed therapeutic failure and fewer defects at discharge were observed than in the control group (P-0.05) w11x. Sjörgen et al. performed a study on 102 patients with DSWI. The failure rates of the first-line treatment with vacuum-assisted closure and conventional treatment were 0% and 37.5%, respectively (P-0.001). Overall survival in the vacuumassisted closure group was significantly higher (P-0.05) than in the conventional treatment group: 97% vs. 84% (6 months), 93% vs. 82% (1 year), and 83% vs. 59% (5 years) w12x. The numbers of studies comparing the treatment options are exclusively comprised of retrospective studies (see Table 3 ). Prospective randomized studies have not yet been performed. Recently, Raja et al. published the results of a literature overview concerning V.A.C. therapy as a ᮋ routine management of DSWI. One hundred and ninetyeight papers were identified. Thirteen papers represented the best evidence on the subject, but all achieved only level 3b. We underline the authors' opinion that currently the evidence to endorse its routine use for management of DSWI after cardiac surgery is weak w14x. On the basis of these findings, we intend a pan European prospective randomized multicenter study comparing V.A.C. therapy ᮋ with the conventional treatment in patients with DSWI (Phases I to IIIB).
Appendix A (copy of the survey)
Sehr geehrte HerryFrau an der Klinik für Herz-und Thoraxchirurgie der Universität Würzburg beschäftigen wir uns mit der Behandlung der Poststernotomie-Mediastinitis. Im Rahmen dieser Untersuchung bitten wir Sie um Ihre Mithilfe und würden uns freuen, wenn Sie folgende 3 Fragen kurz (ca. 1 min) beantworten und an uns zurückschicken würden.
